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(54) SEMICONDUCTOR DEVICE AND ITS MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device which is provided with a field effect transistor 
equipped with a channel having high carrier mobility and 
little crystal defect. 

SOLUTION: In an NMOS transistor provided on an Si 
substrate 10, an Si layer 13n and an SiGeC layer 14n are 
formed. A carrier accumulating layer is formed by 
utilizing the discontinuous section of a conduction band 
existing on the hetero-interface between the layers 14n 
and 13n and works as a channel through which electrons 
transit. Since the SiGeC layer 14n has electron mobility 
higher than that of silicon, the operating speed of the 
NMOS transistor becomes faster. The hole transiting 
channel of a PMOS transistor is formed by utilizing the 
discontinuous section of a valence band produced on the 
interface between an SiGe layer 15p and an Si layer 17p. 
Since the hole mobility of the Side layer 15p is higher 
than that of the Si layer 1 7p, the operating speed of the 
PMOS transistor also becomes faster. 
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m2os i mfcis&LtcmMtttc^ Ki^cm-te&mm 
[0 0 3 8 ] enters, -en-en** i>toisdc«) 30 

h7>^^?:f^cHCMOSf^«<!:Ut» 
e, C v Him 1 CDS i HicDrBiriJ, 1S^Fg£#& 

< & D * S 1 > « r tc & £ <fc &c mwx # £ CD 

r, mi 1,.,-vGe, c v ■tcisaxB**A€>a 

ft «tt*wr 4^aw*«B«r»* c £ an:* * 
[o 0 3 9 ] i(*^i 2cciBtEsnn^<fc^*c, it* 40 

ill HCteC^T, ±ISm20S i^K-y Ge, C v Hfc 
fcW5C©fflfiS;J:byS:0£-r5C£*«r*4. 
[0 04 0 ] f|#^l 3tclB»SnriiSJ:^tc, »* 

ifi lccfcc^-r, ±sB*2»t*»«±ec»j«$n, 

X0J)_4_lJ^jhi^Jl^^ 



tt. _hism 1 CD S i 1 . x . v Ge, C v B£^ + 
ffl«(DMOS h^>^**EHLr, *iS(**IB©J6 50 
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[0 04 2 ] 4teiEifc3nri>£J:5«: % II* 

JS1 ncfct^r, iiBUlOS i a _,_ v Ge, C v BtC 
fcW4C<DfflJ$J£y«:. 0. 0 1-0. 03<b"T^C<b 

[o 0 4 3 ] m^mi 5tciBtg3nn^4<t5«:, i»* 

ill ltCfcl^T, _hlBmi CDS i 1 . x . v Ge x C v HO 
&7ciPIOfflJ#tb£:, ±IBmiOS i t . x . v Ge, C v B 

<t±iBm 10s int^tt^fiE^rsfflfiRtbecgsSEor 

[0 04 4] cntCctO. fST^O & I >{f ?St£ O rSl * H 

fmmm v ?>isxz&m?z¥m»9im&m en 6, 
[o 04 5 ] ts*^i 6tciaK3nrc^5<fc^ic. is* 

II 1 icte^X. _hfBmi OS i x_ x _ v Ge, C v H 
±IBmiOS i »(DtS^»J:0fe/hS^tS^» 

[0 04 6] Ctit,c£K). mi OS i a . x . Y Ge, C v 
HK:«5lr>SB0^^Jra*D5/c«?>«:, mi OS i HiO 

rao^*> k:*a*«£y*c# <tsc£m, ** >;r 

[0 04 7 ] I**JS1 |7«:IBiS3nri^«fc5tc. II* 

ill i - 1 6o^^i^Vn^ i ^ccfec^r, Jitsmio 
* + urgsiBtcgsijSns** 'J7*f(D+t «;r t 
u ±ib®2<d*^ yjrssB^csasns*^ »jt* 

[o 0 4 8 ] m&mi scciBfic^nr^^cfc^ic, 
^i l — i 7o^feiijrn^i otc^ci-c, ±iBm 10 

S ilrt(CfcW5±ieSlOS ii — v Ge, C v Btc 

iff«LA:««tc. ±iBm i o* ^ y7fii(c+ 1 'J7 
^ts/cM+t vrm&m&zhicitmztix^ 

[0 04 9] m$mi 9CClB«3n"CC^<t ^tc. IS* 

III lvtte^T, ±fBmi i ,_ x _ v Ge, 
C v iO^^^HlW-^Sh.,., Ge 

[0 0 5 0 ] l«*JB2 0tclB*S$nr^4<t5«:, I** 

iii l — i 9o^^c^*rn^i otctcfciir, jiiami 

R^m20Si 1 _ x _ v Ge, C v IBO^^i^JgJSSS 
n/cSi a - x . v Ge, C v HOiSiiCC^^n/cffigtn 

[0051] ^©aso^iti^iB, iMOS 2 1 

Itftot, ±IB*SS*mh*7>^X^tt, Si,.,., 
JG^X-yJl^ O^ x^l , 0<y<1) JUjCD 

±iam i k*> ^ 7*(Di- 

^€>*2»f*icj:0^3n-Sm2O^«f*B, RO'_hlfi 

mi, m2o*«f*Mor B io^®«ifiop^^^$n 



(8) 
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KU ±iB»3©*S»ftB©ii:±«:JBJi63ti 

[0 0 5 2] CfttCcfcO, ^fPg^JfflUc+t'J 

ffiMT £ C £ pjfigcc £ . 10 
[0 0 5 3 }«*S2 2{csattStiri»*<t^Cc % f»* 
Tm2 lCC*$t,vr. ±ESBl©*»ttli<b±ES3©*» 
(*Jl<t^«MC0MlO*^f*liCC<i:0m^L, ±IBSI2 
©^3H*» £±EJS 4 CD#^f*e <b 2 CD^*S 

f*Hicc J: 9 fltaSU ±EJS 2 ©¥>Sf*JJt£±fBlpr 1 <D¥ 

[0 0 5 4 ] M3S92 3tclEtE34in^J:^6C % fg* 
J&2 1«C*$C»T, ±ESl <t±E* 3 ©*a» 

<*■ <fc * E I > tc Stt S ^Slftjgt CC J: f3 fl|j£ L . ±E» 3 
G>¥$ttlB *Jbl Bis 1 <D*3»»»©±^CCJBJSRUTte 20 
#, ±E* 4 ±E*3©¥»ttJB©-Bc 

[0055] #f^©m i <D¥m#mmowim35mx* 

ii*iI2 4teE*R3ftTlr>4J:5«c 1 n - * * J? 

<*SK±cc, hi cos i@<b, ±es im<<cm-?z><±t 

fcCc±EfB 1 CD S i Jf *Cjfi«b tcffiM fc±E n - ^ + * 

yrSQJIiWI'Scfc^CC^l (OS i Ge, C v 30 

JI < 0 £ x £ 1 . 0 < y ^ 1 ) <h ZBfiHTZm 1 ©Ifl 

*®i*a«±tc. ^2<z)s ij§£, ±iam2cDS i 

JitcS'f SiifetC. _hlBH 1 © S i i _ x . v Ge x C v 
littSft^OFft-^Hl, JblBlfl 2 © S i JI 

ccifijg l fc«#«:±E p - * + * ^mmmm h ^ > ^ 

*£©*1**JU£&£»2©* + yTSSB^WTSfg 
2<DSi 1 _ x . v Ge, C v M ( 0 ^x ^ l , 0 ^ y ^ 
1) tZ&fSrfZmZVXmt* ±IB»1S^2(DS 
ii-x-v Ge, C v ®CD9^±^CC(4g-r^S i 

Ge, c v m<D±^mam^mmbtcm, mmftmz^ 40 

g*-€*tl^n^fi£*r-5^3<DXg<h, ±lB&h^>^X 
«S h 5 sVXZBfmMMZ'PtSi < 4 ±E* 1 (O 

- * * * )\,nm&m& h^>isz » recreate ii'frfc < 

£ fc±E« 2 ©* * 'J T §!RJi ltii*f SSt'pS^ 
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[0 0 5 6 ] COfrmc J: 0 , 11*31 1 1 CD«JS*«T 

[0 0 5 7 ] *»M©»2 ©**fl«B©»i&;£83i, 
imm2 5tcE*S3*iTl>-5<fc Si^.v Ge, 
C ¥ KOSx^l, O^y^l) *^tf » 1 <D3MS(* 
Hi, iE*l 0*«*i4l«ft4/<> + ^* 
WT4*2©*W(*)B4. _hlBf¥n, 3l2©*2S{*Ji© 
Pa1©Wffittifi©Sf^tff$J& 3 tifc * + ;M/ £ ft £ * + y 

*h^>^ H 3 <D¥-^&M £ s 3 

¥®f*Ji £ 5rl«:M5^*r £ » 1 ©IS £ , ±i3» 4 <D¥ 

^>^Lt^ hSffi«:0^"r4m2©IS<h, ±1B^ 
- H«ffi©pfSW«:fll[!tt"rS±E«»«l»ffl h v >s?* 

*«fi6««cc^a< £4>±ib^^ yrsajBcc^-r^ai 
T^>H3©ifi<h, Jbiev-x • Ku-r>««cc*swa 
m-r £ * r x * > y «c j: o &*-r -2> ^ 4 <o is 

<b . ±E» 3 CD¥2g{*HcDa!ai U /cM±Ccfitg^CD^f* 
5CDIfM<t£«tx.Tl>£ 0 

[00 5 8]C(DMai 11*112 0©^it * 

[0 0 5 9 ] !»3}8«2 6GCE«S3tiri>4J:5tc % Ig* 
S2 5 CCfcC^T, ±IBH 1 ©Igtt, ±IB0 1 J&Vm 3 

^um 4 ©*«(*ib 2 ©*2g»mr'«^-r £ 

[0 06 0] »3}c^2 7«E«3*iTl>4J:MC. IS* 
S2 5«cfci^ ±E* 1 ©IS©Bu«:, ±120 1 RO* 
»2©*a*#IB«:JBflErSIS*3 6«:aiit % ±E»1 

©Igtt. ±.um 1 ©^Hi»/i©±^«:H 3 ©*^*J1 
£Jf2/£f 5 <fc ^ cctf ^ C <b *sr* # -5. 
[0 0 6 1 ] 19*52 8CC-E«3nrt»4<fc5W:. II* 
112 5-2 7©^^l^Tti^ 1 o^cfel^r, ±IBH4© 

[0 06 2 ] 

rjJj^M^S i Gr/S i .^^ C ^asJJDbT S-iJG. 
eC©35t:igB B B^?:fflC\ C(DS i GeCIiS iii 
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[ 0 0 6 3 ] H 1 «. IfH ©HJSJf^tc^SHCMO S 
^W^^flHt^TRIHtiS. I5IBK:SrS-J:5 

PMOS h5>S?^*t#JBJiR3tir^4*s. N 

[0 06 4 ] NMOS h7>y^^Wdl^, S ill 
lOifcttp^xJH 1 (SigpSv'^yf) « 

iI13ni, S iGeClUn (C(Di«l 
%, Ge©«$«8. 2%) i^JS^^nr^ 
-So fS2*r & J: 9 (C . C©SiGeCI14n«Cfc»5 
&7U^CDffi>&i:tte, S iGeC114nif(7)lTOS 

i H 1 3 n iWS^tSIiftotl^. 

[0065] CCDS i GeCil 4niS ill 3n t 

Tr*s«^*2;&7uS"?-;tf* (2deg) tbuic 
c&^/c&cd** yriiKTO^n^o fit, c 

<E>S iGeC114n »JcD|?ffittfiCCB/&£ ft/c* * «J 
TB»IB3W* J f*JJ*a'C*tf'r4^ + *Jl/ite4. S i 
GeCBMnrtttt. S i HrtCCtt^ra^^Kifi 

<-r£c4#T#&. 

[0 06 6 ] 3 CCDS i G eCI 1 4 nCD±(t, 

SiGeil5n (Ge«$«3 0% 4 S i (Dfflflt 
$«7 0%) S i 11 InttfiffiXBl&Zti. £6 

n^JBRRStiXl**. C<D>r- h&JfMl 9 n<D"RU* 

5 ill 7 n# 5 #£LTl>£/c#>CC 4 S ill 7n(Da 
ffiSrKftT^fc'WrlSSttOWl^y- Mftiftjg 1 9 n £ 
Sa^cMt^Ci^r^^ hlfiKR 1 9 n(Di 

ccw, 8 n«sn, c©y-nsi 

6n«^tt^o S i Ge'CJf 1 4 nrtlcfctt* 
l^(D^itt Mil 8 nfcEPJnsn^SEtcJ: 

&<4k, S i GeCl 1 4nlCff£j£3tt£^**JU£ 

6 4 SP^oai 3 CC * r JBffi U T is tf J: I > „ 
[ 0 0 6 7 ]-*, PMOS h^>^X^«, fcUiria 

BJUfcNMOS h7>v^^<i:(ig(5][;MMLr^ 
-So S iStgl 0±CU*n^*;H 2 GSi^gnSfS i 
1) ifitetitztixto*). £6&t^(D±K, vwotmm 

JIM CX>lri^^gjbjc^_H - ^«»jgDtgLSJLJB-1^3,. 
pi, SiGeClHp (Ge©I«8. 2%, 

CCDS i G eCll 4 pCD±K, SiGeU5p (G 
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e(D«(J3 0% v Si(D»(U0°/o) 4, Si 
I17pi«M^ntl^ 0 PMOSh7>y^ 
*cDt§£«, **y73WE?L4tc*#, C©iE?L*sSt*i 
4f--r*JWiS i Gell 5 p 4 S i 1 1 7 p 4CDJ?E 
<DS i G ell 5 p«CJ&J#3ft4o CCDS i Gel 1 
5 p <h S i 11 7 p 4CD^r-U^HCC, ;0 F^^*fe > 

^ot, S i G el 1 5 pffliJCD^ECC0RR3n/c*+ D 
10 rSffil^ + *;U«riEa^tf-r4*5, S i Gell 5 

prttts ilWc tt^r ]Eil<DmhW$sK # i * cdt\ 
CCDPMOS h^>^x^<Dtt^iiafe^:#<>i5 0 

[0 06 8 ] PMOS h7>^X^m^. Sill 

7 p©±k:w:. ^ , J3>BMtil3^6a** r - hlfeSiJJIti 
9p^M^nti^ e y-hsfii 8 p<oja5<pjjtc«v 

-X ■ p^MJn, S i G el 1 5 p 

CC*JW^>iEft(D^f«^r- hlil 8 pCCEPJjp^n^m 

[0069] *fc, NMOS h7>^^<bPMOS h 

20 v>> ? x^*4cdPh1^, sstcjB^Rsn/cSt*^'; 3>k 

ntfc^ CCD V U>^-7>^f2 Ott^oT, NMOS h 

[0 0 7 0 ] ill3n, 13p, §SiG 

eCiUp, 14n)SSiGeI15n, 15p k 
SSill7n, 1 7 p tt, j^S^fiCC J: 0 

B^cM$wc^ 0 fur. sicd^s^. mmm 

[007 1 ]gSill3n, 1 3 p <Di5*«^A« 
0. 6 m m*agT£> 9 . 0— 1 Mm<DfBBK:£>£C4# 
»£Ll> 0 — tf-lCD/l^«m«3 0 n mlgt 
0 — 50 nm<Df5H^*SC4Wf*L/C^. SS 
i GeCl 14p, 14 n©/l^«3~5 0 nmT'£>£ 
CiWfJ SSiGell5n, 15 p CDJl^te: 
5 n mggt$) >3 , 3-5 nm0fiWc*SCiWi 
U^o SSiil7n; 17p0fMlnmIgt* 
0, 0. 5— 5 nm<DtEHtC*4C43&SH 1 *Uli. 
40 h&ISR 19n, 19 p<DmMZ, ffl*.1ti 5 n mggt' 

[0 0 7 2 ] ^-Hil8n, 18 p©y-h 

mtO. 2 5 urn, y- Mitt 2. 5 am, • K 

W>5g«(Dtlttl . 2/imgSt*l ■ 
^>li2 1n, 2 1 p0^>$^Hi(t 0. 5m 
mxo. 6 aralljKrfeSo &^*>»H 3 n, 13pCD 



50 



^ K-^lcDK-f>^K«, lxi0 ,8 -l 
x 1 0 20 cnr 3 !iK-C£>& 0 

[0 0 7 3] *^jSS^.«Cc*5W SHCMOSfnV^ 
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(HeterostructureCMOSf^W*) (DftW&Z* S i 
GeCI5:ffll^l^^r*^)o C©SiGeCJl«, 

ci^'^„ ccr\ *HttJBJ8«:*$W4S i . G 

[0 074 1 12W, ttWtCC (#-**>) <DffiJ#Jt 
(%) , IBSlK: G e (Omi&lt (%) ^io/ci^ S 
iGeCliS iliOWI^i (%) (5*7-/ 10 

u<D5J>l*s S i GeCfiS ili©iS^^f 

^Si$^tg^l(J:H^< l C 

/h£l>CDT\ Ge<bC<DfflfiEtt*iHMT*C<b'C. Si 
GeCIUn <DtS^S»<b S i B 1 3 n «E>ttm£tt<fc 

[0 07 5 ]i3«, Si, Ge, C <D 3 ^IR<DfflJ3;tb 
tc^r4tS^E^<b©M^i^TJ|#i4Hr*4. (HJEIcd 20 
3-5<DKjStt. -en-ens i, Ge, COfflJS^ASlO 
0% (fflf&ifc^ 1 ) ©**C*0. S i GeCJl<D37cig 
S^<7>fflfiXJ:fc(DiHSCCj:o-CS i <b (Dte^g^*^ 

fbrs^^ori**. f5j^*co^^^>^^s 

mm*P<Dm&te. S i GeCiiS ili^iSWI^ 

(DZkftZm'f. G e ©ttmetttt S i <DMT-^cfc 0 4> 

3 4. 3%/h3l><DT\ G e (Dffi^b^rC (Dffi^ctbcfc 0 30 
t>8. 2f^#<T*C<hT. S i GeCJKDtg^jESfc 

[0 07 6] &9mM1&t>CtoW 2> S i GeCIl 4 n OC 
fcUTte* Ge08W8. 2%(x=0. 082) 
T'**K COfflJSW^l^ (y = 0. 0 1) t*SCi 
frh. S i S«<h(DffiT-^IS^0r*0, S 

i GeCJll 4ncbT^C0S ill 3 n t IttmC&^M 

[0077] ;*oc. H4«, m#CCC(Dffi^J:b^<!:0. 
Stt&tx^l^-U^l^iofcitK. S iGeCl 40 
<hS ilB<t<O^Wc*5W4{K3J^©^> K^^-bv hffi 
AEc, tt6tftCffiS^a7<ZVO v MBAE v 

^^b-rs^^o-ci^o fiu i^t-iiiTfo 

K*:7-fe? MiAE c?:ibbtl^ e $/c. 

j£0"Cl>S„ 50 
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[0 0 7 8 ] 14^t<t5(C, *Hifeff^CDS i &e 

cn (coffifiXtb^o. o i ) rus immoym-micid 

eh?n3 0 0meV, OmeVt*^ SiGeCl 

<t s i ®<DJ¥ffir««m^ot«;o P72ttffi^j: 

#>&o £/c. *I8S6JK)!8©S i GeCJll 4nCC*?W4 
C<DfflJSStb«0. 0 1t*5Ot. SiGeCIUn 
iS ill 3niMS^Utl^ B Wc^ot, 2 

^«-T-^#*fT"rS^ + *il/3WgJiS3tiSS iGe 
CM 1 4 nrttcfcl^r, TJiOS i II 1 3 n ±<D&tt 

[0 0 7 9 ] — *^iSS^SStC*j^4S iGeCil 
4niS ill 3 nf$<D?fm<rCteW&mm>^ : ml<Cte^> 
K^afeKSP^t^cS). S i G e CI 1 4 nrt*CiE?L* 

BBD3We>4c4*r#ai». -ectr, 

•TSPMOSh7>^^(D»^ SiGeI15p 
i S i 1 1 7 p i©^fn^«:fiML/tC^ e SiG 
e**Sfi<D^5E»W:S i i«Sfi<D«^5£#J: 0 
<, L^fc. S i Geli 1 5 p«S i HI 3 p itS^F-K 
^Urt»4S i GeCJll 4 p©±(C(aHT&/ces!>, IE 

HCiiafr^n (2DHG) t, *+«JTS8lJi£tt£. 
U/c#oT, S iGell 5pj^(D+t'J7fai^iE 

[0 0 8 0 ] «±<D<fc *HJ6^ag(D«^CC £ Z> 
£, NMOS h7>^^{Cfet^t Si GeCJll 
4 n CCtet* £S7cJR Si, Ge, C©ffl®Jt©SHgK: <fc 

fST4©CC+»3tcffiCCfS^FO*3&S6, S i G e CMt S 
i GeCmft(£teVZ2&^*tfX<DTK[,** + »J7g 

£tc. S i G e CB 1 4niS ill 3n Wl<D9HBttC$s 

wzmn^tfOtt^y K^a«»*saiifc«>, s i g e 

CB 1 4 nrtCcIE?L«:EBi:ii«6SCi*sr*t&c^^ S 
iGell 5piS ill 7p t©^fPj|^Jffl1- 
5CiT, ei?:t t 'J 7 i I tfijfflt ^ PMO S F 7 

[0 0 8 l ] ^l/T, ig^#l»NMOS h^>^^ 
^?<b. S i G e ^ffl^rlt^^O FT^t^^ 

/£OTisg<D;*£i>PMos h ^ >^x^ <t ^aia*r S 



[0 0 8 2 ] &*>\ *jaS»»rtt, G e (Dffl^?: 
8. 2%. C(?)l«l%il/c^ H4*6t8-T-K 
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MAE v*mi2>Ztlc£*). 
mC&ti>htltc2'X7tK*#Z (2D EG) 1^0 

i*tt3W« < fe r 4> ^ f* p Wffi£ift o «*. £ c t 

*0. 0 1-0. 0 3(DlSffltcSBfiE-r4C£*iW*L 

A E v (= -0. 2 — 0. 6*V) *f#St<fc**-C£ 

[0 0 8 3] fete. **»JfJJBTtt. SiGe|15p 
CCtett£G e(Dffl^3 0%£b/c^ K^-fe 

[0 0 84] ^/c HCMOSf^W^iS i SffiXCC 
CUiCCDHCMOS fA'^x^ffli\ ^ti^HUS. ii 20 

X*<t<D^«ffc*4>^fi&tfe£- fete, SiGeC^ffl 
(Mx(fnS) (7)S i GeC^/cMOS h5>t>X 30 

^ x -eit/s-r * c £ fe t x h ti z> o 

[00 8 5 ] ^CC, ^ KDSUfeJKfigcD H C M O S -r ^ >f 
,X(D«jg*ffi«:oiir, 0 5 (a) - (f ) £#J®Lfe 
ifihWftt*. H5 (a) ~ ( f ) tt, H 1 CCtjVTHC 

mo s ^ ^co^ii^HJgT ifc«><o«axga>— « 

[0086] ST, 0 5 (a) CCmTXgr . S i «« 
lO^p^iHL n^iM2^^>aA^!) 40 

[0 0 8 7 ] y«c % 05(b) cc^rxgr. g^*^ 

11, 12i(C, UHV-CVDft^cfc^K-^i* 
^tfS ill 3£, S i GeCJIl 4 (Ge : 8. 2 

C: 1 %) t. S i G eH 1 5 SilHii 
*ti^tiJ5Sfi3ti:4- fete* & IF-^MELVX'*-?- 
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^>'J3 >K*bI6rS«>t: h u >^Sf 2 o &j&i3rtr 

& e COWi^ S ill 3. SiGeCJ114, 

5 i Gell 5, SiI17^ S^NMOS h^>^ 
X^IPJJCDS iS 1 3 n, S iGeCIUn, SiGe 
115n, SiH17n<t v PMO S h 5 >>>X £0JJ<D 
SiI13p k SiGeCIUp, SiGeH15 
p, Sill 7 ptCC^KStlS. 3 S i 111 7 
n, 17p(D*I?:^hUt^-Heail9n ( 19 

[00 8 9] H5 (d) CC^TXfMT\ K*£<£>3: 

^LtNMOS h7>^X^PMOS h^>>>X£ 
(Dgy- MSjflgl 9 n, 19 pCDXCC^r- htil 8 

n, i8 pzttittiftmrzo ^mk. h-mm 

18n, lSp^X^ilt, NMOSh7>^X^ 
MtcB, ';W*> (P+ ) coaAtcJ;0, v-x • K 
UOgtSl6n*MU, PMOS h^>^x£fflijtc 
tt, #u>J*> (B + ) ©i£A«c<fc*h- V — X • Kb 

^>iii6p^nfnMt6c NMOsh7>y 

X£GDV-X- KW>pI*3U 6 n©?£3tt*i>fe< 
SiGe Ci 1 4 n + U T SSfJIcfc taSWtiK 

cfc<, PMOS h7>^^(DV-X • KU^>Wl 

6 p <om$ *J>fe <it)SiGeI15p F^O* + V 
TSISBJ:9fc&#nifJ:t>. CtiB, SiGeCil 
4n. S i Gel 1 5 il*g<D&+* VTWfcMK.*** 

[0 09 0] 0 ^ ( e ) cc^xfir\ h *6 
ilign, 1 9 p(D^^V-X • KU-T>«« 1 6 
n. 1 6 p<D±*OBP»K:PBP«r^U, H5 (f) CC 
^tlgt\ y-hftlil9n, 19p©W(cV- 

x • Ku-r>^g2 in, 2i p£-en-enj£j?3cf & 0 

[0 0 9 1 ] C*aCCj:^ Sil«10(7)±CCNMOS 
h7>^^, PMOS h 7>y7^^6^l>HCMO 

[0 0 9 2 ] c<D£ *> ^SISfefe^cDMit^tcj: ^ 

feo/cf-^^^JgRR-r^^^**^©, *SS0cS 
BNMOSh7>^$, PMOS h ^>^X^Titil 

[0 09 3] (f£2 ©HttJK«) Xa^CD^ 1 CDHtt^tt 
Tii. S i GeCl^^UnVtctS^-^^lf/cfc©* 

ffli^isMiF7>yx^^Mi/^, ^mmm 

Jc^HCM QS ^^-ajCDai^ j:, Ell 



[0 0 8 8 ] ^CC V 05(c) CCTnTXfir, PMOS 

h^>^x^, nmos Y^y^^z tzmmiKiftn so 



MOS h^>v>X££ 1 OCD h^>^X£rtC£jiJIb/c 
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[0 0941 16 (a)-(c)tt *ti?tlS i Ge 
CHCtffi«S#*£lfU*fc»£> SiGeCH^Si 
mttCft*&£Z*ttcm£ (SS4U) , MS i GeC 
HK3 1 o « 9 *fc»^tc few &@ AflHStD 

WB^TH-CftS. 1510 (a) KiKfJ:?^ S i G 

iS i GeCJBCCttEE«2**s*C. SiGeCUCCfc 
t«eiw©Tffi-lI^w©lffl(DMy F*> y v" 

atfilbk-t&o — 2k ISIS (c) CC^-Tcfc^Cc. S iG 
eCJf©«^Jttt*S i»©«-fSSJ:0fc/h3<r4 10 

is i Gecmt<axm->m*)m&£.c, siGeci^ 
fct^£^rs - mm^<D±mm(D^ > f*> ? 

> F«i§#SfbOTt,><<DT\ c©3***»«WK:fi|fl| 

fSCtt, S i G e CJf &Cp}gT£ S i B3F<DB<D'* 
VKtfy-fe? hffi*93E'r*Cirt*-Cfir4. 
[0 09 5]CCr, S i GeCBG>8mEtt«:S iB 

[0 09 6 1 17 (a), ( b ) «. ^Utt^ttCCffii 

itHKtfSrffilir**. S i S«(D±K:S ill 3 n£ 
EJE*3#fcUL C<Dffi/&tb£A£ < LtcS i Ge CM 1 
4n (Ge*l 0%, C£4%) C itcj: 

0, SiGeCil 4nfchW4/0 F*> ^fitt* 

fit, S 1 G e CM 1 4 n <DJ»**«-?'««I*Sfi 
C6-rtcM^SS3*i*Stttc/h3 < ltfc< Cite 30 
£9. S i GeCIl 4 n B5lo5R9 3£#£S:WS 0 0 

/dSt, c©fflj3ctk*^*<-rsci«:<t5^>F** 

i-^^ffiO^^CCfiDxr. S iGeCI14n©?| 
oSROM^CCct 0, SiGeCI14n^6SiI13 
n<3DSIBCC*$W^e3lwO^> F*7-fe^ HB***;# < 
Z'kTtn^U * (2 DEG) ©BJOi&ftja***^ 

[0 0 9 7 1 3 SiGeCU 4 n BJg^-JgfO U 

ri>&t><DT\ iio^^ias ill 3 n<ots-?-je 

®[tC— ScLTli*. b/c^ot, SiGeCU 4n(D 40 
±tCS i GeB 1 5 p£/£S3i*£i, SiGegl5 
p0MiS»S i if 1 3 n ©tt* 5@RJ: *J fe*£l>fc 
«rtCS i GeBl 5pttE«I*4SWS. 
[0 0 9 8 1 l/c*^t, *iafiJK«tCffiS*3»<*»a 
CCckSi. S i GeCBl 4nK3lo5S9S^ SiG 
ell 5 p6CE«S**a»A*r5Ci{CJ:0. SiGe 
CHI 4 n i S i M 1 3 n iOfffifCCfctt 5£jg£ ffl 
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S h-7>> J X^iL'rfSfflT^ii^C«S i Ge CH 1 
4 n (CM^nS^ t *;l/?:*Jfflf . P M O S h 

9>^^iLrftffl-TSi8^CC«S iGeil 5p(C 

0^^ns^^*;i/**ijffl-rscir, &m<Dt>*-hn 
fefcy-* • FW>$i^£Wu ^^^ji/fig 

©S&SHCMOSf^VX^M-rSCt^-C^So 
[0 0 9 9 1 0#>t>. £B0ff**SUBC»5rr5Ci 

f5HCMOS^W^#5C<tmS. 
[01001 fcte, ±as©ia 4 *l©5S0Sg"«: 
totUS i GeCI 1 4 n6C0. 2 5 %(D3I o5fi 
#2jp;fo&<fc 5ttfflJ5R*jnLrc»5. — «CC, S i GeC 

CCS iB«:^^T€><Dr*i^e>, Ge<DMJ&J££ 
CCDffi^cJ:b(D8. 2|g<fcH/h3<fSCirS iGe 
CB1 4n&C3lo5g9S#*«AT4Cirt^#4 0 $ 
/c, COlftEJEttSry i L/ci#, Ge(Dffi£{:8. 2y 
-0. 12tlfcJ|^ S i GeCI 1 4 n<D«-^3E» 
*S iB 1 3n(Dfg^3ctfcJ:9 0. 2 < T-S C 

irt*"C*S. 

[0 1 0 1 1 04tc^-r<t^(c. «R5*»©i»^irai; 
< % S iGeCil 4niS ill 3n©?rir(t ffl 

iteiA,i[5]DT'£>0, C<Dfflfi£^i G e <Dfflj&mt<D 

^3Ri«aRIC3R^14«r»SCi*S'C*i. CCDCi 
«, S i GeCIl 4 n«:JftSJSfi"r5ISOC<30ffl«i;* 
iGe©M?«li©P^It, ^ft=«CiH*mctt 
^Ci^r^^Ci^tiSl, SiGeCiOJSKg 

*te, C©^*#2%«±©»^ «R 
S^CDti^iit^T, |^CC(Dffl/&^cm>T"&>^> F 

a> K^y-te * Fffi*J:9A&< i >2>i#^Cc 

fc*ttE-r^ci^r#€> 0 

[01021 C SiGe CtDtfrT-jESS* S i J: 

«©tSfifcWCC <fc 0 IR^(0« ffltt**<fiT-r £ C i «tt 
[01031 (»3 ©*I6JK«) fctei^/c* 1 (D^Jfe 
GeCJi£S ilBk:»fl8*S#fc^f-n<j|Sft*»ia 



/OF^7-fe-;H^< ( ifcSif e!15pi 
S i B 1 7 p iWri^^tj^HT-f T'(Da'> F*7 

hffl*A* < b"C*>#, C<Z)h7>yX^*NM0 50 



[01041 ^mtmrnvte. * + y DiA^^si 

«*^foSItli&< Si/SiGeC/Si tl< 
B, Si/SiGe/Si <D«JSra^#F»iSS:»«; 
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U BH»r*«S*nSfi^-#F ( S i GeC . Si 
Ge ) Sr^**;U£ LXWttZ h5>^*£*RW 

[0 1 0 5 ] ^aBKJlCCftiHCMOS^ 
>fX0KIiri)^ o SiSffi3 0±CC. NMOSF7 

0±Ccp^7^;U3 lRtfn£*Jl/3 2*s«:m**j& 

-^Ji«rWTS^l iH3 3n f 3 3p4Sm^ 
mi ©3£*J$B«c*5t:f5ig 1 tc^tHCMO 
S^^VX(Z)^iSi(5]Dr*5 0 fcfciU CCDfftKDS 
i|33n, 3 3p±OPMOSh7>^*, NMO 

sh7>v7^ ±iem i <Dmtmmcom& t 

[0106] NMOS F^>2^^*CC*jliTtt. mi CD 
Sii33 n(0±(rC^ mi (OS iM3 3 ntC^SS^T 
^ffl^Wf^S i GeC13 4 n^M^Tfc^ 
3 i GeC13 4nCD±CC||2(DS iI35n^ 

8M3*rCl>&. *HJBB»Ttt. Hi cos iH33n 
-S iGeCI34n-^2(OS ii35 n CCM^fc^ 

^cfci^r. F^il^gB^<tor»sn€>a 

^Pli (SiGeC134n) £><DT\ C 

cDS-?#FnE^r^^S i GeC13 4 n*c* + 'J7t 
*S2^7C«-7-^ (2DEG) *HCC»4fc«)(D* 
* l>TglSJfrt*»a£3*i£ (H8<0fi*O^>FH# 
US) . -rtt*>%, NMOS h^>^£<D®jf1^fc:U;S 
iGeC13 4niCf t^M3n§ 0 ttte. 12 
CDS iI35 nCD±CC, M/fcD'h 3 & S i G eH 3 6 n 
I3©S i 13 7 rKb^JIR^^Sn-ri^o 

[0107] c (DtiiiKcfc o > ±iam i (ontmrntm 

t&t. s i micik'<'ZM¥<D&n&<Dj:&i.>s i G e c 

&CDT\ mtM&<D*%l*NMOSb?> 

ft£ 0 ttRT, S^#FJB ch ft £ S i GeCI3 4 n<D 

[0 1 0 8 ] PMOS h^>^X^^C*5Cir fc % ^1 CD 
Sii33 p©±fc. mi CDS i @3 3 ptC^T-i^T 
ifflJS^W-TSS i GeCI34 pi, f 20S i 13 
5 p <b. KlfCD/hSliS iGeH36pcb,m3cDSi 
113 7 p i^li^fiE3*iriiS*«±ENMOS h 7 
>^*£<D»j££l5IDT'*£ 0 /c/cl, PMOSh7> 

f£2<DS iJ§3 5 p - S i GeJp3 6 



10 



20 



30 



40 



P-UI3CDS i M3 7 pKMSffill^wtCfe^T. 2o 
©/OF^aaSTttStiSS^*^^ (SiGei 

3 6 p ) a u . c 6r>a^#F^tc * * y r r * 4 
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fiX^n^c -r&fc^ PMosh7>^*osifW{c 

SiGel36ptCf t*WM3ftSo SiG 
eS36p-4>S i H^hb^TiE?L(D^«iS*^*C^ 
■C, C©PMOSh7>^$(D«iftMfc^<6 

<£>o 

[0 109] ^(C. NMOSI^7>yX^, PMOS 

^&5^-H6SI3 9n, 3 9p«?n, 
h«SB3 9n, 3 9pO±(CB^Hfi3 8n, 3 
8p^M^ntl^ 0 y-hli3 8n, 3 8 p<DM 
ISWCttV-* • FW>B42n. 4 2p^M$h 4 
• KU-f>jWS4 2n, 4 2 pCDiiCUiv-X • 
KU^>SS4 1n, 4 1 p#n>£>7 h irt^ fl & 
4b\ NMOSh7>^$, PMO 

S F50^X£CCtol>T\ if#Fa«r*5S iGe 
C134n, S iGeI3 6ptCfeW4*^ f IE?L<Dj£ 
mtif- MS3 8 n, 3 8 p KEPflnSftiSJEECCJ: 9 

[0 110] Sfc NMOS h7>yX^iPMOS h 

jAm^ h u>^i4 o^Manr^D , ccoh 

U>^i4 0K:<l:o'C. NMOSF7>^x^, PM 
[0111] H C M O S f X J: ^, 

fec^tli, S i Kc^IM^i £ ^ccfi^^FM^ 

<h&£S i Ge CI3 ^ ntfJ&5E3trCfe9 . CCDS i 
Ge C13 4 n CcS^^tfT ZtctiXD? * *jVifit&gL 
3n^ 0 S/c. PMOSh7>yX^Wd^tfc 4 fi^f 
#P»«4ft4S i GeI3 6 p«3htfcl C 
<DS i GeJ13 6 pCC]E?L^tfT4/c^cD^^^Jl/^ 

ft-?#F « jg 4 * ijffl L/cX <i v^ls V CD 7v # I > N M 
OS h7>yX^iPMOS Vy^isXZ t%;mWC?Z> 

<E>„ 

[0 112] /c/du *||*BI5««:fci»r, ^T-cDxt* 

CMOSf^Vx^gt4<]:^UtfeJ:<, Sil 

[0 1 13] 'M'Lfc, NMOS F^>^X*& 

OTMOS F^ >^X^CD^^*JbCD^^a^#^^ 

[0 1 14] .m_3 CD^^fl$JgiC^,JjX:^M OSr 
^V^tDM^ffitC-oiiT. ^9 (a) - ( f ) «r#K 

i,t£fthmm?z> Q m9 (a) - (f ) it. ms^t 



50 hcmost^^ comm. ^9M^h tczbomrnxmo 
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—m SrTnf K MS V * £ . 

[0 1 1 5 ] *r, M6l«©ttB*t*9iT*i. S i 
GeCI34, »2©SilB35Rc;SiGei364 
fifciS-eSBWC, S i GeCH34SO*S i Gei36 

A«3nmtUt^5. ^<Dffe<DSItf>«, 05 (a)- 

[01 16] Sf, 19 (a) KijVrxflT, S i Stg 
30CCpOxJU3 1 , n^xJl/3 2 £ :* >£AK: «9 

[0117] fit, 09(b) tC7T^-rXgT\ P^x 
;U3 1, n^7xJU3 2±tC % UHV-CVDffiiCj:^ 
K- 1 <DS i if 3 3 <t, SiGeCJS3 4 
(Ge : 36%, C : 4%) t. Is 2 CDS iI35i, 
SiGel36i, J£3 CD S i @ 3 7 <t*JK#;j§£fi3-t* 

[pii8] ;xce, 09(c) KiTjvrxfir, pmos 
h7>^^, nmos h-5>^^^<t*amwcc^j8t 

t(DMHfc:<£0, Iff 1 CDS i J13 3, SiGeCJ13 
4, ^2cDSiB35, S i G e S 3 6 , ^3CDS i Jg 
3 7 &£>*y- h l&lf IS 3 9 tiK §^NMOSh7>^ 
*BM<D^1<DS i J13 3n, SiGeC134n l W2 
CDSiJi35n, S i G e Ji 3 6 n , <D S i H 3 7 
ni, PMOS F7>^X^»^1©S iI33p, 
SiGeCJ134p, f£2 CDS i JI 3 5 p , SiGel 
3 6 p. Iff 3 CDS iI37 p£Ct#H£$n& 0 *<DfgL 
f£3cDS i H3 7 n , 3 7 p ©*IE*BKbUT k y- h 
»»I3 9n, 3 9 p*fcf$rtr&. 

[0119] c©sl 09 (d) K^-rier, y-h 

ii3 8^, 3 8p««l/dl NMOSh7>^ 

(P+ ) ©aAcc J: o , y-x • 

FW >tS«4 2 nfcJ&JdEU PMOS h ^>t>X^fHiJ 
tc«. #a>-Y*> <B + ) ©&ACcj:g, y-* • F 

y-x • F U-Y >tt«4 2 n©aS3tt4>& < ife S i G 
eC134nJ:0W^«J:< 1 PMOSF7>^ 
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[0122] *HJWKJB©«iS^ffi«: £ i > NMOS 

FMOSiGeC134nily, PMOSh7>^ 
* * ;U£^ug££*JJB L/cfi^ttFfflitO S 
i GeH3 6 p t?&nCM0$?rtj7stimm>te : fc\& 
ZftZ> 0 Lfrii* ***S09S©l!JS*?*CC<fc-5<i:, NM 
OSF7>yX^ t PMOS h7>yx^t^ 7 /c^ 

Sh^>^X^, PMOS bv^itZZT&miCft *>C 

[oi23] (^4 ©nisoj^jB) aioit as 4<bfg 
ib/cv-x- fw>=i>** F*ffiffi-rs«ittcra 

[ 0 1 2 4 ] iH^t^ft^J^K:, SiH»>665^ 
x;l/5 l<D±tc«, SiGeA' 7 7 7 15 2i, S K- 
715 3 d:, tf-JIS 4 n-^t^;H67 

<L, i-SiH55<h, i-Su., Ge a 1564, 
20 i-Si@57i, y-Hft»g|58<!:#»J5SS-tir^ 

BmZtl. i-Si l . Jt Ge, B560H^H1 

6 5<DWWJSr«:fifi-rsffiiS<D±cc. y-* • FiW> 

^m^fltsn-ct**. s/c, y- hmme s commit 

feC^T, S i G b>*v 7 tM5 2 CD— SB, $ K — 7'15 
3, ^-t-I5 4, n -^tW16 7, i -S i 
155, i-Si,. x Ge, I56Wi - S i 15 7 

ccm«««k:. y-* • Fu-r>eiiS5 9^jF$^stir 

30 l>S e £6tc, y- FSJS6 5 &A 1 y-x • KUO 

[0125] CCt, ±fiE«W$»* h ^> £ (D&Stf 
[0 1 2 6] ST. S i Ge^yy rMS 2rtWl*5W<5> 
Tl>& 0 CCDS iGe^77 7 f52«, SiGejgg 
9 , S i dOfe AafttS^ ^ ^r W L/ C4d0, ^c O± K_ 



S i GeI3 6 p<fc0 &&ttftl2J:l>. C*i«, SiG 40 
eC134n, S i G ei3 6 p Wcf t^oWW^ 

[0 120] CCDf£, 09 (e) Kl^tlgt, y-* 
• F U-f >^4 2 n , 4 2 p (0±*3B»<Dy- F«« 
I39n, 3 9 ptcgBD^^b, 139 ( f ) ^CtS-TX 
-ecDggPCC, y-^ - KU^>1I4 In, 41 

j>J^hSJiWMi3 0 



_J^>_o . . 



[0121] H±©I©cJ:l »3<Dj|tfe^S8CC»5 
NMOS h7>^^?, PMOS h7>^^e>&S 
HCMOSf^'^ <D«i63^3Kf 



50 



[0127] CCt, S i Ge'*v7 rJ15 2^PX'<DG 
e©»)5S*B, 0%-3 0 % * U < 
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[0128] CCDS i Ge^77rl52±tC^«M 
ttlitttC^S io.7 Ge 0 . 3 4 * 

IBgT&o C<D*^— 4 i-e(D±CDS i B5 5 

£HOi£tf>Sn -f its. 
io.7 Ge 0 . 3 n -^i*4w!/6 7(D+t 

[0130] i-Si a . x Ge, I56i i - S iI5 

[0 1 3 1 ] y- Hfi«l85 8lt y-hH®6 
(DT©¥if*I <t<DHI*l»«-r S C £CC<fc 0 , h U 30 

S i Ge»5 6*BMfcLr^3ti4B!{tR 

«*?gttr*^saMia^/ca?> k S i G e ^ISiS 

[0132] ?ut>*>, ^mmnmccm^mmn^ b 

1 Q<DmBT7jk2tl*>V~-A • KU4>««5 9 b 40 

*0«E£EPJlDT4fcft<Dy~ bM®6 b <t 
Stingo C(l)i«h7>yX^n- 

tin -^**;b6 7£ff$/£3tf£J:5K:y- HS6 5 
[0133] *H*fi»SSCC«*|E93fl!>«Fatt. S i 50 
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1 .„. v Ge, C,H(0gxSl, O^y^l) 
F=P+ 2 ±SB»1. »2 
S8IIBiS:W-r4^ + *^««i % !fl3(D¥Mff*Ji£, 

SI4<D^»fl«£*«T4v--X • KW ± 
EM 3 <D*5»»H(Dia±CC^S hfc{£fiin<DzS 

[ o 1 3 4 ] * lx % ^mmmom^nm b ~? >t?x 

££n - ^ + * JUflEJM!6*3S h 5 £ ch UXTfjEffi-T 

S*I^C«, i-Sil55«Si i .,. ¥ Ge„ C v Jl 
(OSxSl, O^y^l) Z^ism 1 ©*z»(*JBT* 

0 ( x = y = 0 ) , SiGeA-;7 7 152 kXm 2 <D¥ 
iftltfeO, i-Si,., Ge x 156(^3©^ 
ftlt*0, i -SiB57tti -Si!., Ge„ 15 
6J;H^'> * 7*(D^:*t^4©¥aSj*«"C*o 
t\ »3©*S»WB'C*5 i - S i Ge«i 5 6co 
ilh(cv-^- FU^>3>^^ hWI6 l#sjfgj?S3ft 

»^CCtt % i - S i a _, Ge, 156«Sh. x . ¥ Ge 
. C v JB(OS;xSl i ]0£y£l) 1 CD^ag 

f*It*5 (y = 0) <4<b*>(c^3(D¥«(*B-r**»3, 

1 -S i /15 7^|g2CD¥2gf*^'C^>'S<! l :<l:fe^C^3(D 

r*oT % ^3<&¥i»#JlT>*& i - S i Ge, 1 
5 6(D@:±tcy-x • FU-f>a>^^hWi6 1^ 

[0136] ti±o<t occ, xmmmrck*. mv- 

p -? + *)l>Bf&m<DS i 15 7 t i - S i Ge, 
If 5 6CD^r P^ffiCD^ >^^> K+> -7*cd/Jn£1> 
i - S i Ge, 15 6<DiS±W:v-X • KU>f>3 

0 , Wt±m<D¥>Mfcmvfo h i - S i Jl 5 7 CDia±CC r3 

[0137] fe*>, S i m±(DS i 0 ., Ge 0 .3 1©± 

^ 0 C0SiGeB«:MfflLfca>^^HJ, ^*C>C 

<0b lfiJ}ajnffi^ffit^>^^ h^libtlS (IEEE Ele 
ctron Device Lettersf£vo1 . 1 7, No. 7, 1 996 pp36 
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0) . 

[0138] C<D&3CCiZ* S i GeittV-^ • K U 
i>f)K *HiS^S©J:^{c, f t*Jl/Mffl©S iGe 

[0 139] fe/cL, *HiSJK»Stc*Jl»r, f^VX© 

M0S^WX*f'PSlT4J:^CcU , rfe<t< , Silfi 

[ 0 1 4 0 ] ot'CC. 3^ttJ&£Ctft£X9^HI h ^ > 
^**©S«#ffi*toi»TattWT5. 011 (a) - 
( e ) 12 ( a ) - ( e ) tt. 010 CC^TS^ 

[0141] £T\ 12 1 1 (a ) tcStllr, 

;u»Jja©xt'^^-> + ^fiS;Stc5tS:^, SiS«5 0Cc 20 

-f*>ffiA*tfC^ NMOSh7>^*, PMOS H 
5 1 p£JfJj&T£o 

[0142] yac sii ( b ) ctsvrie-c. mfo-t 

ecx fc* £ + + ;Uj&B3rfT 5 M . *«0c R CAiJtM 
*©f*. *tffi<E>B£fb!£*l&*U IKxt^^^t^ 

153, X"<--'/HI5 4, n -?t^H6 7 % 1 ~ 
S i§55, i -S Ge x 156, p-^ + *;U 

168, i-S iI5 7f^Sn^> 0 /c/cl, 

vD&&£#*JJBT-srs. uhv-cvds©»^ « 

■rt©»B»**"rffl?SK£ (10- 10 TorrllJg) CC 
1 0 s - 1 0- 6 Torrlifi(OK^*^fiJ^U/c^r 
[0 144] -eCT\ *HJfeff^tCteC^Tt, ±iZtiCD^ 
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tb« fc-r £ a £ts aok «c a £ fc a>fc , 
<t s i ^tasffitfti/r^^p»ffi<Dft^^»at^3rc 

7 0 0-C«T*iBt!?UT*J<. 

[0145] «Aj$£M:> ^KKStflgCt b/cK^H 

5 0 fS B H 5 ^(iffl t ^, V - X ^'X i 1 1 it S i J!<D 
^SiSffl^«> > ^^>^^fflOTl^ c S i Gel^S 
CCB, ^>^>^<DS im&f&&£i*2>tclsb<DV-Atf 
XCCjJD*.. ^I/7>*G e ItRfflf 

GeHftCDS i iG eCDffl^tk^Jffll-r-SC^s-c^ 
-So #XSfeS&. 1 0- s ~ 1 0- 6 TorrS^cVj: 

[0U6]*f, ffljfilt*ai«W«:^b3^ott^- 

MfO^n/c^OS i Gei^illtS iGe^yV 
3-t*£fc«>tt:, ±j£<DJ:5K: % S i <DV-xt/x<DftEE 
[0147] 3«C % 5 K-^B5 3<DBl&lCiZ % TA>zs 

^ > te <fc y j 1/ v > £ £ {> tc *^SF*9 (c « A - r S o 

[0148] CCt\ 5 K-^'15 3(CiAUcT« 

it? Zfctbtt. K-^> h^7X*KSSSrttca»A0/t 
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